Segmentation of optic disc and cup from the fundus retinal image helps in the detection of glaucoma which is one of the important causes for vision loss. In this study, we propose a method for optic disc followed by optical cup segmentation. The retinal input image is first preprocessed by applying histogram equalization and the connected components in the image are obtained. On applying the circle detection Hough transform, the circular-shaped optic disc is segmented from the other connected components. The morphological closing operation is applied on the segmented optic disc area to identify the optic cup location. The optic cup is then segmented by applying Otsu's thresholding only on the extracted green channel of the retinal image. The proposed method was evaluated using DRISHTI-GS dataset containing 50 test images. The performance metrics such as dice coefficient, average boundary localization error and cup-disc ratio error were obtained by comparing the proposed method with the ground truth values of 51 training images in the DRISHTI-GS dataset.
THE state-of-the-art segmentation techniques in digital image processing tend to detect objects in the images. These segmentation methods identify the objects by extracting features such as colour, edges, interest points, ridges, etc. When the features are more dominant in the images, the segmentation methods successfully identify the objects. The real challenge of these techniques is when the features of foreground, background and region of interest (ROI) are not differentiable from the image. The retinal fundus image is one such example where the ROI cannot be segmented clearly by the traditional segmentation methods. Eyes are among the most important organs of the human body, which should be monitored constantly. There are many modalities such as fundus photography, autofluorescence, infrared reflectance, etc. for capturing the fundus images 1 . They help in detection and further prevention of eye-related diseases like diabetic retinopathy, hypertensive retinopathy, age-related macular degeneration, glaucoma, leukaemia, etc. The main components of the retina are blood vessels, optic disc and optic cup. Figure 1 shows the sample fundus images taken from the training images of DRISHTI-GS dataset. It is clear from the figure that the dataset contains fundus images with different contrast and brightness. The blood vessels, disc and cup merge in the image, making the feature extraction more demanding. Determining the cupdisc ratio (CDR) is essential for detecting the disease for which segmentation of disc and cup from the retinal images is necessary. In this study, we propose two different methods for optic disc and cup segmentation.
The conventional segmentation methods such as edgebased, region-based and morphological-based segmentation are generally used for object detection and for extracting meaningful information from the image for analysis 2 . The characteristics of the fundus images are unique, where the features of the ROI are not dominant. Many methods have been proposed for optic disc and cup segmentation with standard datasets such as STARE, DRIVE, MESSIDOR, DIARETDB1, CHASE_DB1, DRIONS-DB, etc. Table 1 shows the related studies with methods, datasets and number of images used for optic disk and cup segmentation [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In the literature, various optic disc and cup segmentation methodologies for glaucoma image detection have been analysed 14 
.
The optic disc is a circular, yellowish region that appears to be the brightest area in the fundus image. The yellowish colour is due to the absence of pigmented epithelium in this zone. The objective of this study is to first segment the disk. The test images from DRISHTI-GS dataset are considered as input for the proposed method. The red (R), green (G) and blue (B) planes are extracted and enhanced using histogram equalization. The overall distance (D) from the given colour image is calculated and a mask is created using the obtained distance. The distances D R , D G , D B in the R, G and B planes are obtained by the difference of each plane with the threshold T. The overall distance D is calculated as the sum of the squares of the distances D R , D G and D B . The distance image contains optic disk and blood vessels. Due to the indistinguishable boundaries, presence of capillaries and other structures in the neighbourhood of the optic disc region, localization of the area is a difficult task. Therefore, a mask (M) is created by eliminating all the darker pixels which removes most of the blood vessels and retains the optic disk. The obtained mask still contains tissues whose pixel values are more similar to that of the optic disk. So, in the mask image, all the connected components (CCs) are identified. The centre points for all the connected components are obtained and the optic disk which is the ROI is detected by eliminating the unwanted components. As the optic disk in the retina is a circular object, circle detection Hough transform is used for detecting the area. The centre point of the connected components which is close to the centre of the circle detected by the Hough transform is selected as the centre point of the optic disc. The circular object among the connected components is referred to as (CO). Circle Hough transform (CHT) is an efficient technique to detect circles in the image 2 . Shapes can be described in parametric form and a voting scheme is used to find the correct parameters. CHT relies on the equation of circles as follows
where a and b are the coordinates for the centre of the circle, r the radius of the circle, and (x, y) are the pixel coordinates.
CHT uses the three-dimensional accumulator space for detecting circles with three parameters defined using eq. (2) below. All the edge points in the image are mapped to a set of circles in the accumulator space. The set of circles is defined by all possible values of the radius and centred on the coordinates of the edge point. The radius value remains constant and each edge point defines circles for the other values of the fixed radius. These edge points map to the cone of votes in the accumulator space. Using voting method, circles are detected using the maximum number of votes in the accumulator space which corresponds to the parameters of the circle. The parametric representation of the circle is given by
CHT is used for detecting the circular objects in the image. The corresponding connected component selected with the centre point forms the original optic disc. The boundary positions and area of the optic disc are obtained. A bounding box (BB) is estimated for the segmented optic disc. The region of interest which is the optic disc is cropped from the original image for further optic cup segmentation. Box 1 shows an algorithm with the steps involved in optic disc segmentation.
The optic cup present inside the disc region is not always circular in shape. After segmenting the optic disc, different methods should be followed to segment the optic cup. The shape of the cup varies with the eye and with glaucoma. Morphological closing operation is performed on the image to segment the optic cup. Closing operation smoothens the boundary areas by fusing narrow breaks, eliminates small holes and fills the gaps in the boundary. The closing operation (•) is defined as
where I represents the input image and S is the circular structuring element. Based on the shape of the object to be detected in the image, the structuring element can be defined. The structuring element probes an image using hit or fit operations. In eq. (3), ⊕ denotes the morphological dilation and V denotes the morphological erosion. Dilation operation is used for thickening the boundaries of the objects of interest in the image, whereas erosion is used to shrink the boundaries. The extent of thickening and thinning is a function of shape of the structuring element used. The morphological dilation and erosion are defined as follows in eqs (4) and (5) respectively
where S is the set of pixels representing an structuring element to be used to convolve over the object in an image. (S) z denotes translation of a set S by point z with (z 1 , z 2 ) whose (x, y) coordinates have been replaced by (x + z 1 , y + z 2 ). ( ) S denotes reflection on a set S whose (x, y) coordinates are replaced by (-x, -y).
Dilation is based on the statistical property of reflection. The dilation of I by S is the set of all displacements z such that ( ) S and I overlap by at least one element. Thus, dilation thickens the objects in a binary image. φ is the empty set. Erosion is based on translation property. The erosion of I by S is the set of all points z, such that S translated by z is contained in I. Thus, erosion shrinks the objects in a binary image. The origin of S would cause the structuring element to cease being completely contained in I.
Optic disc segmented from the original image is processed by morphological dilation followed by erosion operation using a circular structuring element. The green channel is separated from the morphologically altered image. The Otsu's thresholding method is applied on the green channel, which yields the optic cup. The boundary positions and area of the optic cup are obtained. Box 2 shows an algorithm with the steps involved in optic cup segmentation.
This work was implemented in MATLAB R2014a (ref. 15) on DRISHTI-GS dataset 16 . Figure 2 a shows test images from the dataset. Figure 2 b and c shows soft map of the optic disk and cup respectively. Figure 2 d shows the segmented optic disk and cup. In Figure 2 d the green colour boundary is the optic disc boundary and the blue colour boundary is the optic cup boundary.
The proposed method has been evaluated on DRISHTI-GS. Table 2 provides a summary of the dataset.
Dice similarity coefficient (DICE): This measures the extent of overlapping regions between any two images 17 . It does a comparison between ground truth and automated segmentation images. The ground truth segmented image is represented as S g . The segmented test image is represented as S t . In general, the segmented images are partitioned into two different classes 18 : the segmented anatomy as class 1 and background as class 2. Therefore, the anatomy in ground truth is represented as S , in the i direction. n is the equi-spaced points. Cup-to-disc ratio: This is computed as the ratio of the vertical cup diameter to vertical disc diameter and accurate segmentation of cup and disc is essential for CDR measurement. CDR is calculated using the following formula Cup area CDR . Disc area =
The CDR error is obtained by eq. (9) CDR error = |CDR GT -CDR Proposed |. Table 3 shows the performance measure on the test images. The absolute CDR error for the test images is 0.27/0.18. All the 51 test images were tested using the proposed optic disc and cup segmentation method. All the test images are of varying brightness and contrast. The optic disc segmentation is done by first extracting the R, G and B planes and a mask image is created from the overall distance calculated. The optic disc is detected from the mask by CHT. All the other connected components are eliminated from the circular objects. The centre point of the connected components which is close to the centre of the circle detected by the Hough transform is selected as the centre point of the optic disc. The optic cup is segmented by applying the morphological closing operation. The green channel is separated from the morphologically altered image. The Otsu's thresholding method is applied on the green channel, which yields the optic cup. The boundary positions and area of the optic cup are obtained. Among the images, 88% of the test images works well for the proposed method. When compared to the ground truth values given in the dataset, absolute CDR error obtained is 0.27.
